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Commissioner for Patents 
Washington, D.C. 20231 



This declaration is submitted under 37 C.F.R. § 1.131 prior to any final rejection of U.S. 
Patent Application Serial Number 09/347,690 to establish invention of the subject matter of the 
rejected claims prior to the effective date of the reference authored by Casas, et al. "Logic 
Verification of Very Large Circuits Using Shark", Twelfth International Proceeding of VLSI 
Design, Jan. 7-10, 1999 (hereinafter "Casas"), on which the rejections are based. 



I, Jeremy S. Casas, do hereby declare: 

1 . On July 2, 1999, the filing date of the Application designated above (hereinafter 
the "Application"), I was an employee of Litel Corporation, the assignee of the 
Application. 

2. I am a joint inventor of all claims of the present application. 

3. Prior to the year 1999, 1 conceived the inventive subject matter in the United 
States as evidenced by a copy of a signed invention disclosure form attached 
hereto as Exhibit I and diligently worked to constructively reduce the inventive 
subject matter to practice as evidenced by the filing of the Application for the 
claimed embodiments of the invention. I worked with a patent attorney as my 
other duties permitted in preparing the Application for filing with the United 
States Patent and Trademark Office. On information and belief, I received at least 
one draft of the Application for review and revision on or about May 4, 1999. 

4. The dates redacted from Exhibit I are prior to the year 1999. 

5. Other material redacted from Exhibit I is not related to dating the conception or 
reduction to practice of the inventive subject matter. 
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6. Tom Tetdafif was not an inventor of the mventive subject matter- Mr. Tetzlaff 
worked as an intern at Intel Corporation, and was directed to create programs 
which operated according to various embodiments of the invention after it was 
conceived Mr, Tet^laffwoIked as a progcanmxer under my supervision, and 
supervision of Honghna Yang. 

8- The patent application was filed on July 2, 1999. 

9. The invention was completed by me as the co-inventor of flie subject matter of 
claims under rejection. 

10, I furfher declare that all statements made herein of my own knowledge are true 
aod that all statements made on information and belief are believed to be trae, and 
fitrthfir that these statements are made with the knowledge that willful &lfie 
statements and the like are punishable by fine or iraprisonment„ or both, under 
Section 1001 of Title 18 of the United States Code, and that such wiUfiil felse 
statements may jeopardize the validity of this 25>plieation or any patent issuing 
thereon. 
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Respectfully submitted, 
MANPREET S. KHAIRA ET AL. 

By their Representatives, 

SCHWEGMAN, LUNDBERG, WOESSNER & KLUTH, PA. 
P.O. Box 2938 
Minneapolis, MN 55402 
(612) 3^103 ^ 




Dann^^PSays-. 
Reg. No. 35,635 




CERTIFICATE UNDER 37 CFR 1 .8: The undersigned hereby certifies that this correspondence is being deposited with the United States Postal 
Service with sufficient postage as first class mail, in an envelope addressed to: Commissioner of Patents, Washington, D.C. 2023 1 , on this ^7 day 
o f (Mf^ff^beK 2002. ^ 
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ViVBmON ANO HOW fT WORKS 

ThB diadosure deacntM a breakm/ough taehnology, 
called Shark, that w the only known technique that aDowa 
the ooftware stmulatfon of 20+ minkw t/aneistofe. Shark 
presen» a mree-aiage approach to eimulating vary large 
cfrcutta as shown f n the toitowing <flagram: 
c^cuit ^ ^ ^ ^ 
netlist \f Piranha/Nil 1 
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pieoel } U-» | simi 
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Shark first uses the Dioe circuft partftkmer to partitkxn large 
arcutts into sma»er eutK^jrculto whwh are more manage- 
able to twild and emiulate bcfivkJuafly. Each aulK^ircuft or 
partition ia then buet as a standalone simulator ueing the 
Piranha simulator. Finatty. OVT ia usad to run thA <fifbrdnt 
poftitk>ns, together with a (est drh^/oheoker. to form one 
fargs almutatlon of the entire drcut. 



• The mnovathw panltlomng i9)proach in Dioe enablee 
Shark to scale to cfrcuits with 20+ mailon devfose, 
making it a solution Ibr aii (utufe tegw veriflcatk)n 
needs. It aleo enables scafing for perlornianoa A sim- 
ulation speedy linear to the nun^ of proceseors is 
achieved tor up to 96 processors, partitkjn- 
era for parallel simulatton had only Rmtted suooess 
<ftj« to high oommunieation ovorh«ttd, load imbalance, 
and lack of capacity for hancfling ftjD chip circuits. 

Dksspartitionerhas 
the u«« of A oomtiination of aovorai 
powerful activity weight functions in ths toad balance 
scheme. They cover aOtypee of devfces in mteft>|]ro^ 
ceasor designs such as mutt^ docks, and norHatch 
aequennai elements. 



NEW lOCAa IN SHARK 

(1) A circuit partitfoner based on a new idea called 
extended Latch Boundary Component decomposition- or 
extended I^Cs. The LBC concept by itseffis not new. ' 
kmovatton in our paitiUofw is to determlfle how to cfcwer 
the LBCs to form extended LBCs, so that the ovemU simula- 

^ ^^^^ that starts 
l^^f^ ^''"^^ """^^ and ends at latches 
^^"2:*^ An attended LBC may contairTSS 
nal latohes and may overlap with another LBC. Dice decern- 

An Example of extended 
LBC decomposition 

O "PI node 
ED -latch 




r T 



-extended 

l-BC 



poses a circuit into extended LBCs by traversing the circuit 
hierarchy and putting heavily correiated devfoes into the 
earn© cDctended LBC so as to reOuoe loglg repOcatton and 
reduce the anal communicatton cost. 

Our extended LBC formulation . only 2 com- 

mun^ »t«p« ar9 neecM to evaluate ihe dfcutt every 
ok)dc phase. We are also able to minimize cbcuit repfication 
to about 10%. and communication oost to less than 10% of 
ths total time. 

(2) Once the soctmded LBOs are created, they 
partitioned Into as many pieces as the number of prcoes- 
ws bebg used We have developed a new aigormim for 
partitioning the extsndsd LBQi fo allow for foad baiandng 
and overlap minlmliatfon. Load baiandng is based on bal- 
arwlnga oitticaf weight function of the number of latches, 
ttvs^^i^ diffsrem clock phases, and the size of 

axtendsd LBCsi 



(3) In cH^ observation, the foad balancing obtained using 

the weight function defined in (2) is not very reiiaWe. We 

(rjv«nt«d e schema for impfovlrig the Iwd balance by a sto- 

niflcant amount using activity data feedback in m 

^e. eimutetton speed data is cdlectsd by simulating 

f^^^^iml "*?^*<i to form a weight fonction for 
each transistor In the circuit 

This scheme Is mdspendenl of tatdies. In adcfitfon it han- 
^wrnuftiple ctocks, since elements connectina to stow 
ctodks have tow activity It also handes other seouentlal 
elements euoh as memory devices and state holders that 
are not latches. 
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(4) When simulating the network, 

We U3e ft bfaadcast^dK5oflec1 algorrthm whkSi 
eutatoa^aity imprc^ perlomanoo by remoWng the tfmo 
to process data pacKete arrhrtng. 



The Shark approach to solving switch-tewel circuit smiula- 
tton makes tt the solution tar ail future Irrtel logte verification 
(LVR) needs. It win save M\m by «riiminat- 

mg the need to purchase custom hardware acceler- 
ators 



(5) The Oce partHianer usee a data ab8tractk)n technkifue 
to form extended 1^ at the standard oeB level, and then , ^ 

eigsands the standard oelte to transistors anerpartftkming. yu^^.^^^^^/L^ 



From a throughput perspective. Shcrk runs on standard 
workstatfona. This afows designers to do LVfl on their 
designs whonevor they want to and not watt bi line on o few 
hardware aooelerators as was done prevtoustyL This should 
ho^? Increase the quality of the prooemr (by running more 

tests due to avaflabflity of compute cydas) and at the same 
time Increase the produdMty of the daelgners by efiminat- 
mg wart-time on LVR runs. 

Currently, SKarfc ie the took>f<hotee fcx performing LVR of 
current processor design groups and wiO most Beefy be 
used by all Wure processor design groups. It Is also being 
evaluated by other chip desbn teams In fad. we 

donlexpect to be buying any more hardware aocder- 
afors fbr lo(po MrMoaflon. 
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S/N 09/347.690 PATENT 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Manpreet S. Khaira et aL Examiner: Samarina Makhdoom 

Serial No.: 09/347,690 Group Art Unit: 2123 

Filed: July 2, 1 999 Docket: 884. 1 07US 1 

Title: LOGIC VERIFICATION IN LARGE SYSTEMS 



DECLARATION UNDER 37 C.F.R. S L131 



Commissioner for Patents 
Washington, D.C. 20231 



This declaration is submitted under 37 C.F.R. § 1.131 prior to any final rejection of U.S. 
Patent Application Serial Number 09/347,690 to establish invention of the subject matter of the 
rejected claims prior to the effective date of the reference authored by Casas, et al. "Logic 
Verification of Very Large Circuits Using Shark", Twelfth International Proceeding of VLSI 
Design, Jan. 7-10, 1999 (hereinafter "Casas"), on which the rejections are based. 

I, Honghua H. Yang, do hereby declare: 

1 . On July 2, 1999, the filing date of the AppUcation designated above (hereinafter 
the "Application"), I was an employee of Intel Corporation, the assignee of the 
Application. 

2. I am a joint inventor of all claims of the present application. 

3. Prior to the year 1999, 1 conceived the inventive subject matter in the United 
States as evidenced by a copy of a signed invention disclosure form attached 
hereto as Exhibit I and diligently worked to constructively reduce the inventive 
subject matter to practice as evidenced by the filing of the Application for the 
claimed embodiments of the invention. I worked with a patent attorney as my 
other duties permitted in preparing the Application for filing with the United 
States Patent and Trademark Office. On information and belief, I received at least 
one draft of the Application for review and revision on or about May 4, 1999. 

4. The dates redacted fi"om Exhibit I are prior to the year 1999. 

5. Other material redacted fi-om Exhibit I is not related to dating the conception or 
reduction to practice of the inventive subject matter. 
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DECLARATION UNDER. 37 CJ.R. j 1.13 1 8g4.io7USl 
S«na] Number- 09^7^90 
FDiDKOeieJalyS, 1999 

TidK LOGIC VERIFICATION IN LAROB SYSTEag — 

6. XoroTetzlaffwas not an inventor oftheinvejitive subject matter. Mr.TetzlafF 
worked as an intern at Intel Corporation, and was directed to create programs 
which operated according to various embodiments of the invention after it was 
conceived. Mr. Tetzlaff woiked as a programmer imder my supervision, and the 
supervision of Jeremy Casas, 

8. The patent application was filed on July 2, 1999. 

9. The invrajtion was completed by me as the co-inventor of the subject matter of 
claims under rejection. 

1 0. I finther declare feat all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true, and 
further that fliese statements are made with the knowledge that willful felse 
statements and tiie like are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code, and that such willful false 
statements may jeopaidize the validity of this application or any patent issuing 
thereon. 



Hon^malLYang ' 



DECLARATION UNDER 37 C.F.R, § 1.131 Page 3 

Serial Number: 09/347,690 Dkt: 884.107US1 

Filing Dale:July2, 1999 

Title: LOGIC VERIFICATION IN LARGE SYSTEMS 



Da!^^M^ By >^^^^^ 



Respectfully submitted, 
MANPREET S. KHAIRA ET AL. 

By their Representatives, 

SCHWEGMAN, LUNDBERG, WOESSNER 8l KLUTH, P.A. 
P.O. Box 2938 
Minneapolis, MN 55402 
(612) 1^51^103 




Reg. No. 35,635 



CERTIFICATE UNDER 37 CFR 1 .8: The undersigned hereby certifies that this correspondence is being deposited with the United States Postal 
Service .with sufficient postage as first class mail, in an envelope addressed to: Commissioner of Patents, Washington, D.C. 2023 1 , on this ^/7dav 
of IVOtfPm.Vi<r .2002. ^ 
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•iVBinON AND HOW fT WORKS „ 



Th» diadoeure deacnbes a breakthrouoh tachnology 
cafled Shark, that is the only known technk^ue that anowa 
the Dcftware aimulatkjn of 20+ million tranafetore. Shark 
praaenia a mreMiaga approach to atmuiating vary large 
<*cuita aa ahown in the tWlowing (flagram: 

drcurt r t 

cellist I /piranha/ \ 1 1 i 



l/" PlranhaP\|r 



If 



Dice 



pieool ^r 
> 1,, L 



I 



aimi 



3Sl 



PteoeN ^^-*J BlinN 
'll ' il 



(Iriver/ 
ohedcBf 



Shuk first UM8th«Dioodreuit parMoner tp partition lara« 
oroults mto •maB«r 8ut>«iiouit$ which are more manaM- 
afate to buiU and eimulato kKfivUuafly. Each autxircuit or 
parUHon is then buBt as a stancUions simulator using the 
Piranha simulator. Finally, OVT is uaad to mn th« dMcant 
partitions, together with a test driver/oheoiwr. to form one 
large simutaUor ot the entire dreut. 



• The mnoMMtve ponffloning approach In doe enables 
Shark to scale to cfrcuits with 20+ mfflion davioss, 
maJdng it a solution tor all future logic veriilcation 
needs. It also eoatjies sosflna tor porfarmanoa. A elm. 
ulaUoo speed^ip linear to the nun*er 01 prooeasors is 
achieved fbr upto 86 processors. Previous partitlon- 
ers for parallel simulation had only dmited success 
<A«t to high oommunfcalion ovorhead. toad imbalance^ 
and lack Of capacity for hancfllng (UO chip drcuitB. 

CHoapsnitlooerhas 
the u«e of a oomlimalien of aeveraJ 
powerful actMty weight ftmcdons in the load balance 
achemo. They cow aO types of devices in mlcrMjro- 
oeasor designs such as multiple docks, and norHatch 
Mquentlal elementsi 
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^11^ , HT^^ on a new idea caUed 

attended Ijtch Boundary Component decomposition" or 

extended!^ The IBC concept by itself is nolnaw. 
^o>atton In our parauorw, » to determine how to duster 
the LBCB to farm extended LBCe, eo that the overafl simuto- 

£l*f!!!?' ^ » « iubiimin that starts 

from latdm and^or primary outputs and ends at latdwa 
anoropmna^ htputs. An extended LBC n^Zl^. 

nal latehes and may overlap wift anothsr LBQ DIco dacom- 

An Example of extended 
LBC decomposition 

O -PInode 
tE3 -latch 




r 1 



-extended 

LBC 



poses a drcult Into extended LBCs by traversing the drcuit 
hisrarchy and putting hea>«y con^eiated devices Into the 
^ 1**^*^ LflC eo a» to reduce toglg lepOcatlon and 
reduce the llnal communicatton cost. 

Our attended LBC formulation. oniy 2 corn- 

Ill!!!!!!!*.?*' sjys are needed to evaluate me oinxiii every 
f^L?^^ are also able to minimize circuit replication 
to about 10%. and communication ooet to less than 10% of 
the total tone. 

(2) Once the sKtsnded LBOs are created, they 
partitioned Into aa many pieces as the numiw of prooes- 
ir'H*^-""^ developed a new atgorlthm for 
partitioning the extsndsd LBCe to allow Ibr load baiandng 
•nd overly mlnimfaation. Load baiandng is based on 

andfiga orftical weigw function of the nurrber of latdws 
*«Jr«2«^durln8 diftorem dod< ph««», ^hj^. .j^eoT 



(3) I" our *s«v^ tt,, toad balancing obtained using 
the weight ftjnction deflned In (2) is not very reliable We 
(fwwited • acham* fcr impfovlng ihe kwd bolanoa by a elg- 
nillcant amount using activity data fbedbadc In tNa 
«J«ne. eimutation speed data is cdkKtsd by simulating 

SSaSl;thTd"Sr *^ ' '"^^'^ 

This sdtiMns Is mdspendenl of latdiss. In addition, it han- 
d« muttple docks, since elements conneding to slow 
ooeks have low activity It also handles othsr seouentlal 
aiemants sudi as memory devices and state holders lhat 
are not latchaa. 
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(4) When simulating the network, 

Wo U56 • bfoadca5t^dH5oOect algorithm whttti 
outwtontiafly imprc^ perkfrmanoo by removing the tfmo 
to process data packets arrh/ing. 



(S) The Ofc* partitloner uses a data ab8trftctk)i> technique 
to form exiefxtedLBCs at the standard ceB level, arid then , ^ 

axpands the standard cdte to trafwtetofBanerpartltkw 



The Shark approach to sotvmg swftch^tewel circuit simula- 
tton makes tt the solution tor aJI future Intel logte verification 
(LVR) needs. It wHI save doliare by eliminat- 

mg the need to purchase custom hardware aoceler- 
ators 



From a throughput perspective. Sh»k runs on standard 
workstations. This aSoMm designers to db LVR on their 
deeigns whenever they want to and not wait In line on a few 
hardware accelerators as was done prevteosly. This should 
help increase the quality of the prooeesor (by running more 
tests due to avaSabOity of compute cycles) and at the same 
time increase the produdivrty of the designers by efiminat- 
ing waH-time on LVR runs. 

Currently, Ghaifc » the tooJofcholoe Ibr performing LVR of 
current processor design groups and wi& most likely be 
used by all Wure processor design groups. It is also being 
evaluated by other chip design teams In feet, we 

dontexpecl to be buying any more hardware aoceler- 
atore ft>r fogio verlOoatton. 
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5. (a) Has ■ dcscrfirtkNi of your inTeatlon been, m- wID tt ahoitiy be, pnbUdted outelde Intd: 
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DATE WAS OR WILL BE PUBLISHED: 



NO: 
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NameofSIG/Standard/Spedflcatloa: 

(d) If the ioyentlon la a semlcoBditctor device, actual or anticipated date of tapeout^^ 
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NO: 



.YES: 
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PAGE ON HOW TO WRITE A DESCRIPTION OF YOUR INVENTION 
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IS NOT A NAMED INVENTOR, to provide a deaorlptiaB of thebiventkm, and bdode the foUoiHag 
iafbnnatloos 

L Describe hi d^ bow the tovation works. 

2. De«rrO>eadv«iitaae(t)ofy«wrlnv»atloB over wlirtbdww BOW. 

of the algorithm. 

4. Valneofyoarhvcatloatolntd(howwlliitbeiised?). 

5. WenUCr the doiest or most pertinent prior art that you are aware ot 
SSitedf*"' to want to use this favention or biHoge the patent If one Is obtained and how 

♦HAVE YOUR SUPERVISOR READ, DATE AND SIGN COMPLETED FORM 
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DISCLOSURE. AND RECOMMEND THA??1e iSloiiroS^ 2S pUS, ^ 
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MVEMnoN AND HOW fT woma 

This disdoeure describes a breakthrauoh tetfinotegy. 
called Shark, that is the only known techniqiM that allows 
the software simulation of 20+ million transistors. Shark 
presents a tnrsMiage approach to simulating very (arge 
circuits as shown in the fbltowing tSagrom: 

drcuit ^ J T 

netlist \( Plfanha/\|i 1 

^ I \ JNT Bb s. 

"I 



neuisi 



ii 



Dies 



-»j pteoai 



drfver/ 
chedcsf 



It 



Siffll 



Shark first usee the Dice circuit partitkmer to partition targe 
arcutts Into smaller sutx:lrcult8 whwh are more marrage- 
able to build and etmulate incfivkfciaOy. Each sutK^rcuft or 
partition is then bufit as a standatone simulator using the 
Piranha simulator. RnaBy, OVT is uaad to mn fha dHferent 
pertitk)ns. together with a test driver/oheoker. to form one 
farge s^utatlon of the entire circuit. 



• Tne innovstlve panmoning approach In Dice enables 
Shark to scale to ctrcuits with 20+ minion devtoee, 
making it a solution flor all future verfflcatkin 
f>eeds. tt also enabtes scaflng tor perfermanoa A Sim- 
uteUoo speed-up linear to me nurrtw of processors ts 
achieved tbr up to 06 processors. Previous paftitk>n- 
ers for parallel simulatfon had onJy Rmited success 
dU« to high oommunfeatfon cvem«acl, load imbalance, 
and lade Of capaoity for handling fUO chip circuits. 

Dice panfttoner has 
the uss of a oombinatfon of sotferaJ 
powerfur activity weight functions in ths load balance 
acheme. They cover aD types of devtees in mlcro^o- 
cesser designs such as mult^ docks, and nonHatah 
eequentlal elements. 



NEW tOCAetN SHARK 

(1) A circuit partittoner tx»ed on a new kiea caUed 
"extended Latch Boundary Component decompositton- or 
extended LBCft. The LBC concept by itseff is not new 
innovatkwi in our parUUonar is to determine how to cfu«er 
the I^Cs to form extended LBCe, so that the overaU simula- 
tion speeds ufx An extended LflC is a subdrouft that starts 
latches and^or primary outputs and ends at latches 
amyoi^ary Inputs. An extended LBC may contain inter- 
nal latches and may overlap with another LBC Kco deconv 

An Example of extended 
LBC decomposition 

0 -PI node 
EH - latch 




r T 



-extended 

LBC 



poses a drciilt into extended LBCs by traversing the drcuit 
hierarchy and putting heavOy cxvreiated devtoes imo the 
seme mtendsd LBC so as to roduoe togk; rsplkaitton and 
reduoe the flnal communicatton cost. 

Our extended LBC formulation or^y 2 00m- 
municatk?n stapa ar« naedad to evaluate the circuit ewery 
ckxJc phase. We are abo aUe to minimize circuit replication 
to about 10%. and communication cost to foss than 10% of 
ths total time. 

(2) Once the Mrnided LBOs are «fflted, they 

partitfoned Into as many pieces as the number of prooes- 

SOTS being used have developed a new algorWim for 

partitfoning ths extsndsd LBC^ to allow for load balandng 

and overlap mfnlmizatfon. Load balandng is based on baJ- 

andng a oritfoal weight function of the number of latdies 

^!!.' ^?*3f?l^^^« different dock phessa, and the size of 
extended LBObl 



(3) (n our obeervatton. the load k>alandng obtalnsd using 
the weight function defined In (2) is not very reliable. We 
invantad a achama for improving Ihe hwl balance by a Sla- 
niflcant amount using activity data foodback in tfS 
ec^e, eimutatton speed data is odiectsd by simulating 

to form a weight tOnction for 

each transistor In the drcuit 

This scheme Is lndepend«it of latches. In additfon, it han- 
dlw muftlpfe dodcs, since elements connecting to stow 
ctedcs have \xm ectwityi It also handles other seauentJal 
elements such as memory devk^s and state hdders that 
are nc< latches. 
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(4) When simulating the network. 

We U3e • broadcast-andKXJftect algorithm which 
oubotttnmty mtprc^ p^moxroo by removtng the tfmo 
to prooeea data pacKets arrMng. 

(5) l\m C^o* partitioner usee a data abetractk)n tachniqu* 
to fom extended LBCo at the standard oel) |0M, and tn 
expands the standard oelfs to transistors after parttlkmlng. 



The Shark approach to solving switch^! circuit simuta- 
tton makes It the solution tor ail future imel logic vertficat^ 
(LVR) needs. It m save dollars by ^iminat- 

tng the need to purchase custom hardware aocelar- 
ators 




From a throughput perspective, 8h^ runs on standard 
wortetattona. This aflows designers to d6 LVR on their 
designs whenever they want lo and not wait In line cn a few 
hardware aooeleratora as was done pfwteusty. This shotrid 
help Increase the quality of the processor (by running more 
tests due to availabOfty of compute cycles] and atthe same 
time increase the productrvrty of fte designers by efiminat- 
ing waiM/me on LVR runs. 

Currawtly, Gharfc ie the tool^oHhoice tor performing LVR of 
current processor design groups and will most likely be 
used by all future processor design groups. It Is also being 
evaluated by other cWp design teams In fact, we 

donlGxpert to be buying any more hardware aoceler- 
ators for log»a vsrMoatbn, 
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